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KEY TAKE-AWAY

Adjustments for systematic bias in hemoglobinometers might be performed using a Bland-
Altman mean difference estimation with venous blood hemoglobin measurements.

BACKGROUND

Diagnostic laboratories determine hemoglobin (Hb) spectrophotometri-
cally from venous blood specimens measured in an autoanalyzer (AA).
Systematic errors in Hb measurement are mainly a result of device bias,
and they may vary from machine to machine. Systematic errors affect the
accuracy of Hb measurement, which is critical for making a correct

METHODS

diagnosis of anemia at the individual level, and therefore an accurate
estimation of anemia prevalence at the population level. Accuracy is
measured by the mean difference of Hb concentration in venous blood
samples between a HemoCue® (HC) Hb device and an AA.

RESULTS

We compared the accuracy of Hb measurements in venous blood be-
tween three HC Hb models (201+,301,and 801) and an AA in a com-
bined population of |15—49-year-old women of reproductive age (VWRA)
and |2-59-month-old young children (YC) to cover the range of 50—180
mg/L Hb.We used the Hb data from the Hemoglobin Measurement study,
conducted in laboratory settings in Cambodia, Ethiopia, Guatemala, Leba-
non, Nigeria, and Tanzania.VVe used two methods to adjust for device bias:
regression calibration and mean-difference correction.

Both regression calibration and Bland-Altman adjustment improved the
accuracy of Hb measures and reduced bias on HemoCue machines
equally (table 1).The range of device bias (unadjusted Hb values) across
the six sites for the HC Hb 201+ (-2.6-3.8 g/L), 301 (2.4-7.3 g/L), and 801
(2.1-5.9 g/L) was reduced to less than 2 g/L for the 201+ and less than

| g/L for 301 and 801 device models with one exception.

Table |. Device Bias and Mean Bias after Adjustments of HemoCue® Hb

Devices for Hb Measurement from Venous Blood in Combined Populations

To adjust Hb values using the regression calibration method: of WRA and YC

I. Remove outliers: We conducted a Bland-Altman analysis and ex- HemoCue® | Study Site | Device
cluded cases for which the difference between AA and HemoCue Hb Model

Bias After Adjustment

Bias Before (Hb, g/L)

values were outside the 98 percent limits of agreement (LOA). (A‘I_Clllit";tl'se“t Regression Mean
2. Calculate regression parameters: We regressed AA:Venous Difference
(x-axis) vs HC:Venous (y-axis) to calculate intercept (a) and slope 201+ Guatemala -1-7 -0-2 -0-2
(p) for each HemoCue model (201+, 301, and 80l). Cambodia 10 0-2 0
3. Use all experimental data to calculate adjusted HC Hb Tanzania 3.8 _0-6 _0-6
values: We used the regression results to adjust all values for HC e 0 06 06
Hb, using the following equation: HC:Venous_adjusted = [HC:Ve- epanen ] ] ]
nous - (x]/ L. Ethiopia 3-4 0-0 0-0
To adjust Hb values using the mean-difference correction: Nigeria -2:6 -1-7 -1-6
I. Remove outliers: We conducted a Bland-Altman analysis and ex- 301 Guatemala -9 -0-| -0-1
cluded cases for which the difference between AA and HemoCue Cambodia 7-3 0-2 0-2
values were outside the 98 percent LOA. Tanzania 6 06 06
: e _
2. Calcqlate mean difference®: We r.epeated the Blanc.I Altman | Lebanon 45 08 08
analysis on the reduced dataset to estimate the mean difference in o
Hb concentration between the HC and AA for each model of the Ethiopia 2:4 0-2 0-2
HC Hb device in each site. using the following equation: Bland-Alt- Nigeria 4-5 -0-3 -0-3
man mean difference = (HC Hb-AA Hb). 301 Guatemala .| 05 05
3. Use all experimental data to calculate adjusted HC Hb val- Cambodia 9.7 0-0 0-0
ues: We adjusted all values for HC Hb using the following equa-
tion: HC:Venous_adjusted = [HC + Bland-Altman mean difference]. Lebanon 30 09 08
Ethiopia 59 0-7 0-7

*This value may be negative if the HC Hb is lower than the AA Hb.

CONCLUSIONS

In almost all cases, we found that adjustment for device bias using either

regression calibration or mean-difference correction reduced the bias to
less than | g/L, which is an excellent benchmark.While the mean-differ-
ence adjustment is an easier method to conduct, we considered both
methods, because the key assumption for using the mean-difference meth-

od—that systematic bias is constant across the range of Hb concentra-

tions (i.e., slope near |.0)—may not always be met.We recommend that

users of the HC should estimate the mean-difference adjustment method

to reduce machine bias and standardize all devices to a systematic error

lower than 1.0 g/L.
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